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Large-scale “big science” is advocated as an approach to complex research problems in
many scientific areas.1 Epidemiologists have long recognized the value of large

collaborative studies to address important questions that are beyond the scope of a study
conducted at a single institution.2 We define networks (or, interchangeably, consortia) as
groups of scientists from multiple institutions who cooperate in research efforts involving,
but not limited to, the conduct, analysis, and synthesis of information from multiple
population studies. Networks, by virtue of their greater scope, resources, population size,
and opportunities for interdisciplinary collaboration, can address complex scientific
questions that a single team alone cannot.3

There is a strong rationale for using networks in human genome epidemiology
particularly. Genetic epidemiology benefits from a large-scale population-based approach
to identify genes underlying complex common diseases, to assess associations between
genetic variants and disease susceptibility, and to examine potential gene–environment
interactions.4–6 Because the epidemiologic risk for an individual genetic variant is likely
to be small, a large sample size is needed for adequate statistical power.7 Power issues are
even more pressing for less common disease outcomes. Replication in different popula-
tions and exposure settings is also required to confirm and validate results. The adoption
of common guidelines for the conduct, analysis, reporting, and integration of studies
across different teams is essential for credible replication. Transparency in acknowledging
and incorporating both “positive” and “negative” results is necessary to direct subsequent
research. Furthermore, newer and more efficient genotyping technologies must be inte-
grated rapidly into current and planned population studies.8,9 Networks can support
studies with sample sizes large enough to achieve “definitive” results, promote spinoff
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research projects, and yield faster “translation” of results into
clinical and public health applications. Networks can also
foster interdisciplinary and international collaboration.10

Lastly, networks can assemble databases that are useful for
developing and applying new statistical methods for large
data sets.11

The experience of established networks provides an
important knowledge base on which to develop recommen-
dations for improving future efforts.12 The Human Genome
Epidemiology Network (HuGENet) recently launched a
global network of consortia working on human genome
epidemiology.13 This Network of Investigator Networks aims
to create a resource to share information, to offer method-
ologic support, to generate inclusive overviews of studies
conducted in specific fields, and to facilitate rapid confirma-
tion of findings. In October 2005, HuGENet brought together
representatives from established and emerging networks to
share their experiences at a workshop in Cambridge, U.K.14

In advance of the meeting, a qualitative questionnaire was
distributed to workshop participants. The questionnaire elic-
ited information on experiences and practices in building and
maintaining consortia. This article reports on the numerous
challenges and their possible solutions as identified by the
workshop participants (summarized in Table 1) as well as
new opportunities offered by the network approach to genetic
and genomic epidemiology.

SCIENTIFIC APPROACH

Selection of Scientific Questions
To date, most networks have targeted projects originat-

ing from preliminary evidence of specific associations or for
the purpose of genetic linkage. In most consortia, projects are
selected through group discussion and informal or semifor-
mal (eg, voting) prioritization of candidate gene targets. Most
networks try to focus on the best possible candidates to
generate definitive evidence, but, given the large proportion
of false-positives in genetic epidemiology,15 there is consid-
erable uncertainty about the criteria for selecting such targets.
Possible criteria include the number and consistency of pub-
lished reports for a specific gene, the presence of a high-
profile controversy in the literature, strong a priori biologic
plausibility, potentially high population-attributable risk (eg,
a common polymorphism) supporting linkage evidence from
genomewide data, and candidates derived from genomewide
association screens.16,17

Networks are often focused on candidate genes involved
in pathogenesis of the disease outcome or in biologic pathways
involving environmental exposures such as metabolism of car-
cinogens.18 For example, the WECARE consortium on genetics
of cancer and radiation exposure19 has addressed individual
genes that lie within pathways related to double-strand breaks
caused by radiation damage. Consortia are increasingly used to
replicate findings from hypothesis-free genomewide approaches.
For example, consortia are attempting to replicate findings from
2-stage genomewide association studies of Parkinson disease20

and breast cancer.21 With decreasing genotyping cost and the
expressed interest of funding agencies in genomewide associa-

tion studies,22 some consortia are coordinating large-scale geno-
typing and replication of whole genome association designs.23

Prospective and Retrospective Components
Networks use information and biologic specimens from

ongoing or established cohort and case–control studies with
data on phenotypes. Phenotype information may have been
accumulated either retrospectively or prospectively depend-
ing on the study design. Participating teams with prospective
designs usually continue collecting phenotype information.

Regarding genotyping, several consortia perform meta-
analyses of individual-level data using studies in which all
genotyping has already been done and data have been pub-
lished. Some consortia include additional genotyping from
teams that have not yet done or published such genotyping;
for other consortia, prospective genotyping represents the
majority of the data. Increasingly, prospective genotyping is
coordinated to test novel candidate gene variants or variants
identified by genomewide approaches.

Handling of Information From
Nonparticipating Teams

Many networks do not encompass all teams working on
the disease or subject matter of interest. For some common
diseases (eg, breast cancer), there are 2 or more organized
multiteam consortia in addition to nonorganized teams.24–26

Some consortia attempt analyses that include outside data
to examine the robustness of their findings. Integration of
evidence across networks and across participating and
nonparticipating teams remains a challenge in developing
all-encompassing synopses of the evidence on specific
gene– disease associations.27

LAUNCHING A NETWORK

Network Characteristics
Consortia in the Network of Investigator Networks are

comprised of between 5 and 521 teams. Subject numbers
range from 3,000 to over half a million. Elements deemed
essential for launching a network are a strong scientific
rationale, the agreement of all teams to work together and
combine data on overarching research questions, and the
ability to support initial communication, coordination, iden-
tification, and recruitment of partners. True integration of
disciplines can be challenging because different disciplines
are typically housed in discrete departments and have differ-
ent scientific cultures. Interdisciplinary training is important
for bridging these gaps.

Established networks have coalesced through different
processes. Frequently, the initiation of a network includes the
gathering of information on available resources from several
groups of investigators actively involved in research in the
same field. Dissemination of information on integrated
research aims, resources, and possible contributors ulti-
mately leads to the identification of specific projects to be
pursued. This process creates a forum for scientific ex-
change and more targeted collaborations.28 Networks tend
to expand their membership over time and loss of partner
teams is uncommon.29,30
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Although network membership tends to be inclusive,
there is concern that inclusion of flawed data jeopardizes the
validity of the collaborative results. For this reason, some
consortia have eligibility criteria based on appropriateness of
study design and phenotypic accuracy.

Organization and Coordinating Centers
Networks use different models of steering and coordi-

nation. Working groups focused on specific topics are com-

mon within the largest networks. For example, the Interna-
tional Head and Neck Cancer Epidemiology (INHANCE)
network32 requires all members to participate in at least one
of 7 working groups that focus on scientific issues or projects
such as age at cancer onset, nonsmokers and nondrinkers,
tobacco and alcohol, genetics and DNA repair, human pap-
illoma virus prognosis and survival, and occupational factors.
The Genetics of Melanoma (GenoMEL) network33 has a
Steering Committee, a Scientific Advisory Board, a Patient

TABLE 1. Challenges Faced by Networks of Investigators in Human Genome Epidemiology and Possible Solutions

Major Challenges Possible Solutions

Resources for establishing the initial infrastructure,
supporting consortia implementation, and adding
new partners

New and more flexible funding mechanisms: planning grants, collaborative research grants

Coordination among national and international funding agencies and foundations

Appropriate evaluation criteria for continuation of funding

Coordination: minimize administration to maximize
scientific progress and avoid conflicts

Clear leadership structure: steering committee and working groups

Early development of policies and processes

Cutting-edge communication technology

Selection of target projects Questions that can be uniquely addressed by collaborative groups

Preliminary supportive evidence

High-profile controversial hypothesis

Biologic plausibility

Genomewide evidence

Variable data and biospecimen quality from
participating teams

Eligibility criteria based on sample size

Sound and appropriate study design

Accurate phenotype outcome and genotype assessments

State-of-the-art biospecimen repositories

Handling of information from nonparticipating teams
and of negative results

Integration of evidence across all teams and networks in a field

Comprehensive reporting to maintain transparency

Curated updated encyclopedia of knowledge base

Collection, management, and analysis of complex and
heterogeneous data sets

Central informatics unit or coordinating center

“Think tank” for analytic challenges of retrospective and prospective data sets

Centralization of genotyping

Standardization or harmonization of phenotypic and genotypic data

Standardization of quality control protocols across participating teams

Anticipating future needs Rapid integration of evolving high throughput genomic technologies

Consideration of centralized platforms

Maximizing use of bioresources

Public–private partnerships

Development of analytic approaches for large and complex data sets

Communication and coordination Web-based communication: websites and portals

Teleconferences and meetings support

Scientific credits and career development Upfront definition of publication policies

Mentorship of young investigators

Change in tenure and authorship criteria

Access to the scientific community at large and
transparency

Data-sharing plan and policies

Support for release of public data sets

Availability and dissemination of both “positive” and “negative” results

Encyclopedia of knowledge

Peer review Review criteria appropriate for interdisciplinary large science

Education of peer scientists to consortia issues

Inclusion of interdisciplinary expertise in initial review groups

Informed consent Anticipation of data and biospecimen sharing requirements and careful phrasing of informed
consent

Sensitivity to local and national legislations
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Advocacy Group and an Ethics Committee as well as several
topic-specific working groups. Some networks have separate
statistical, genetic, and clinical coordinating centers, whereas
others centralize these functions. A primary coordinator or
chair and a small steering group are usually essential for the
network to operate efficiently. Sometimes it is difficult to
trace in detail what happens at the local level of participating
sites. Minimizing and streamlining administration to maxi-
mize the conduct of science is essential.

Funding
Funding sources include governmental and public

health agencies as well as private foundations. Funding from
for-profit companies and full partnership with industry-spon-
sored teams has been rare, although some consortia have
partnered with private companies for specific projects. For
example, the Colon Cancer Family Registry worked with
specific companies to perform a systematic mutational anal-
ysis of the participants enrolled.34 Funding, especially for
infrastructure, is a key limiting factor. Difficulties also exist
occasionally for obtaining funding to support activities be-
yond the originally proposed specific projects despite dem-
onstrated productivity of the network. Some consortia have a
single source for primary funding (typically National Insti-
tutes of Health or European Commission grants), but most
networks have diverse, sometime project-specific, sources of
funding. For example, the Birth Cohorts Consortium had a
total of 64 funders over the last 8 years. In some countries,
participation in a consortium can constitute a strong leverage
to obtain national funds.

STANDARDIZATION WITHIN THE NETWORK

Data Management
Efficient and accurate data management is very impor-

tant because poor-quality data from one or more teams may
undermine an otherwise excellent collaboration. Data typi-
cally flow to one coordinating center, but some consortia
have multiple data coordinating centers with complementary
functions.

Networks use various data quality assurance prac-
tices and checks for logical errors and inconsistencies.
Networks that have invested heavily in quality assurance
believe that the effort was worthwhile, because errors may
occur even under the best circumstances.35 Logical errors
(inconsistencies in the contributed data) are usually easy to
identify and readily solved through communication with
the team investigators. Examples include out-of-range val-
ues, inversion of coding of phenotypes, improper or in-
consistent allele calling, and inconsistent crosscoding in
databases. Logical errors may reveal deeper problems with
contributed data. Queries regarding missing data may yield
additional information with some additional effort from
the team. Some consortia have instituted in-person training
for collecting genotype and phenotype data in addition to
ongoing quality control checks. Some networks have de-
veloped and published explicit policies of quality assur-
ance for phenotype or genotype data.25

Standardization or Harmonization of
Phenotypes and Other Measurements

Data standardization is best implemented at the begin-
ning of a “de novo” collaborative study, when tools for data
collection and definition of data items are developed. Data
standardization achieves agreement on common data defini-
tions to which all data layers must conform. Each data item is
given a common name, definition, and value set or format.
When standardization is not possible (eg, different question-
naires or criteria have been used historically by different
teams), harmonization of data items is suggested—and some-
time required by the funding agencies. Data harmonization is
useful when data sets are already collected from originally
independent studies focusing on similar questions or field of
inquiry. The harmonization process seeks to maximize the
comparability of data from 2 or more information systems
with the goal of reducing data redundancy and inconsisten-
cies as well as improving the quality and format of data.

Standardization or harmonization is crucial for a net-
work to perform better than single studies, and these pro-
cesses increase the credibility of the derived evidence. Phe-
notypes and other nongenetic measurements may be difficult
to standardize across teams. For example, Parkinson disease
has several sets of accepted diagnostic criteria and teams may
use different criteria that have high concordance. It is often
challenging to reassess phenotype using alternative criteria.
In some diseases, there may be no consensus regarding the
most important phenotypes to study. For example, 21 phar-
macogenetic studies in asthma analyzed 483 different end
points.36

Conversely, the assembled data of some networks have
been used to define subphenotypes of disease that would not
have been evident with lower statistical power.37 Networks
may help achieve harmonization, even when single-team
studies have been inconsistent in preferred definitions and
outcomes. For example, in the HIV consortium, access to
primary data allowed for harmonized definitions of serocon-
verter and seroprevalent subjects and for the outcome (clin-
ical AIDS),31 although these variables had been defined
inconsistently by the teams. In contrast, the InterLymph
consortium standardizes the diagnosis of lymphoma subtypes
through a coordinated review of a subset of slides from each
numbered study.38 One criterion of the importance and suc-
cess of a network may be its ability to adopt standards for
phenotypes and covariates to prevent the use of inconsistent
definitions in subsequent studies.

In some networks, phenotypes are assessed in prospec-
tively ascertained cases or through an extensive reexamina-
tion of phenotypes of existing cases. Consortia also use
training sessions on phenotyping, photographs (eg, for moles
in melanoma family members), and central review to enhance
consistency of data.

Standardization of Genotypes
Most networks have not performed central genotyping

of all samples, but exceptions exist.32,39 Shipping specimens
is sometimes challenging in collaborations among geograph-
ically dispersed teams and regulatory considerations may also
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prohibit centralized genotyping. For example, some teams are
prohibited from shipping specimens by their protocol, local
legislation, or their funding agency. Several networks use a
semicentralized approach in which some teams ship their
samples to a central laboratory, whereas others perform
onsite genotyping.

Quality control of genotype results is usually straight-
forward, but additional checks are required in a multiteam
collaboration. Some networks use published genotype data
without quality checks beyond what each individual team
implemented in their laboratory (eg, repeat genotyping of a
random sample of specimens). In the absence of centralized
quality control, consortia must depend on post hoc analyses
such as deviation from Hardy-Weinberg equilibrium propor-
tions in the controls,40 to identify possible genotyping (or
other) errors. Large between-study heterogeneity in the final
analyses may also reflect measurement errors. However,
sizeable errors may still be missed with these methods.

Several networks, including the Public Population
Project in Genomics (P3G), check genotype results through
exchange of blinded samples between groups. Another ap-
proach is to ship samples of known (ideally sequence-veri-
fied) genotypes to all participating laboratories. Alternatively,
a sample of specimens that were genotyped locally may be
shipped to a central laboratory for confirmation. Experience
suggests that the reliability of each laboratory should not be
taken for granted. Serious errors have occurred (eg, inverse
reporting of genotype results that produces an inverse asso-
ciation) that could only be detected by rigorous quality
control mechanisms. Error rates may be considerable even for
single nucleotide polymorphisms and can depend on a labo-
ratory’s methodology and expertise. This is particularly rel-
evant because most gene–disease associations have modest
effect sizes that could be obscured by small laboratory errors.

OTHER ORGANIZATIONAL ISSUES

Communication and Web Site Development
Networks use face-to-face meetings, e-mail, teleconfer-

ences, and password-protected web sites to communicate
with an increasing preference for electronic communication
(for details, see web sites14). Web sites promote visibility and
diffuse basic information on the network, activities, and
products (eg, publications). Portals provide password-pro-
tected access for more sensitive information, which is essen-
tial to communication within and between teams as well as
venues for private scientific interaction with fellow members.
Some networks have developed principally as registers of
data from multiple groups and their data management is
entirely web-based such as the meta-analysis on DNA repair
and cancer risk.41

Publication and Authorship
Explicit review and publication policies are best estab-

lished early in the life of a network to avoid later dissent. For
each manuscript, a core writing team is essential for devel-
oping an initial draft and incorporating comments from co-
authors. Most consortia use individual-name authorships,
which result in a long list of authors. The first author is

typically the leader of the specific project. Some networks use
tiered authorship (authors and separate lists of additional
contributors and separate acknowledgments). Group author-
ship may also be used, but errors in tracking publications in
PubMed and the Science Citation Index may occur.42 Intel-
lectual property rights may also be an issue in consortia. A
carefully crafted agreement involving all partners should be
formulated at the outset.

Authorship position and principal investigator status on
funded grants are critical for promotion of junior investiga-
tors. In the long run, networks will likely produce fertile
ground for career development by assuring expert interdisci-
plinary mentorship and providing opportunities for develop-
ing productive scientific collaborations, but in emerging con-
sortia, more senior investigators tend to assume major
responsibilities and receive the corresponding authorship
credit and grant funding. Some consortia have developed
explicit policies of ensuring opportunities for young investi-
gators. Changes in funding mechanisms, tenure criteria, and
publication credit are needed to support consortia as a tool for
both the rapid advancement of scientific knowledge and the
development of new independent investigators.43

Access to Data and Nonselective Availability
of Data

Network-developed data and resources should be ac-
cessible to the larger scientific community and networks
should develop data-sharing policies that support this require-
ment. Standardization of data-sharing policies is needed and
could be facilitated by regulations and policies formulated by
funding agencies.44

It is important that both “positive” and “negative”
results be reported to avoid publication bias.45 By their very
nature, networks may be the last line of defense against
selective reporting and resulting publication biases and
should strive to identify and include high-quality, but previ-
ously unpublished, data.

Peer Review Process
Interdisciplinary science requires interdisciplinary peer

review. Education of peer scientists and establishment of
initial review groups with appropriate interdisciplinary exper-
tise are vital to evaluate accurately the merit of consortia
proposals. Interdisciplinary research teams take time to as-
semble and require unique resources.46–48 Targeted funding
mechanisms may be needed, especially to build infrastruc-
tures for emerging consortia. Criteria for evaluation of pro-
ductivity by funding agencies should take into account the
planning and time to establish the necessary infrastructure.

Informed Consent
Networks need flexibility to address emerging scientific

questions. Informed consent should allow data sharing and
support broad areas of research conducted by multiple inves-
tigators at different institutions in different countries. Exam-
ples of elements to be included in such informed consent have
been published and adopted by some existing consortia.49

However, the variable requirements of Institutional Review
Boards at different institutions in considering the incorpora-
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tion of these elements and the great heterogeneity of privacy
legislation at the state, national, and international level may
complicate data and biospecimen sharing in large consortia.50

OTHER CHALLENGES AND OPPORTUNITIES
The meeting participants identified a number of addi-

tional challenges. For example, inclusiveness criteria are
challenging and should be balanced against proper quality
assurance. Single teams should be free to pursue their re-
search priorities, and their promising results may then be
replicated by the consortium at large. All “negative” results
should be fully recorded, preferably in an open access envi-
ronment, to avoid wasted duplication of effort and confusion
in the field. Plurality may also reflect the existence of multi-
ple networks in the same field with similar or very different
designs. Accurate registration of membership may mitigate
overlap and maximize comparison and replication of results.
Upfront study registration has been adopted for clinical trials:
ClinicalTrials.gov accepts nonrandomized studies and al-
ready has 4,000 or more in its database. Central tracking of
genomewide association studies is being planned by the
National Institutes of Health as a means to minimize publi-
cation and reporting biases, maximize transparency and data
access rapidly advance research, and maximize funding allo-
cation.22 Rapid and continuous integration of cutting-edge
genomic and other technologies is a challenge. This may
require the adoption of centralized technology platforms,
which may be supported by public–private partnerships such
as the GAIN initiative.46 Long-term planning should take into
account the fact that laboratory techniques are rapidly becom-
ing cheaper and easier to apply on a large-scale basis. The
development, maintenance, and standardization across
teams of high-quality biologic repositories (or “biobanks”)
are a further challenge. The ultimate goal is to maximize
bioresources through various valid strategies such as im-
mortalized cell lines, whole genome amplification, pool-
ing, tissue microdissection, or multiplex microarrays as
deemed appropriate.

Many of the challenges facing networks, if properly
addressed, may yield opportunities, as summarized in
Table 2.

CONCLUSIONS
The HuGENet Network of Investigators Networks

seeks to provide an open forum for communication and
sharing of expertise in statistical and laboratory methods,
policies, and procedures among consortia. Consortia are en-
couraged to create a core registry that would include basic
information on their participating teams and on the charac-
teristics of their studies and target populations. This wider
knowledge base would improve efficiency in planning further
studies and allow for faster replication of results needing
validation. Another HuGENet Network of Investigator Net-
works effort aims at developing an online encyclopedia of
genomic epidemiology, maintaining updated information on
results from ongoing studies. Such “synopses” of evidence
are underway for several diseases, experimenting with vari-
ous formats that would be comprehensive and flexible enough
to cover the needs of a rapidly developing field.52–54 Ulti-
mately, if interdisciplinary “large science” human genome
epidemiology is to succeed, academic institutions, funding
agencies, and scientific journals must incorporate policies,
processes, and rewards that support team science while re-
specting individual creativity. This will require a fundamental
change, which is already afoot, from a research culture of
“rugged individualism” to one of team work.
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